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1
PHOTOLUMINESCENT SHEET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/716,908, filed Mar. 12, 2007, now U.S. Pat. Ser. No.
7,829,179, issued Nov. 9, 2010, which claims the benefit
under 35 US.C. §119 of Korean Patent Application No.
10-2006-0022575, filed Mar. 10, 2006, which are hereby
incorporated in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to a photoluminescent
sheet, more specifically to a photoluminescent sheet that has
a function for wet preventing.

2. Background Art

A photoluminescent sheet (or film), which is included in a
back light unit (BLU) used for a liquid crystal display appa-
ratus, performs light diffusion as well as color conversion by
using a photoluminescent operation. This sheet is called a
photoluminescent film (PLF) because of the performance of
the light conversion caused by the photoluminescent opera-
tion. Also, this sheet is called a photoluminescent diffusion
sheet (PLDS) because of the performance of the light diffu-
sion.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

One aspect of the present invention provides a photolumi-
nescent sheet by which wet is not generated on a screen even
though the photoluminescent sheet is connected to other
sheets.

Another aspect of the present invention provides a photo-
luminescent sheet, which has a phosphor, absorbs some light,
of at least one wavelength, of light emitted from a light
source, emits particular light of a wavelength different from
the wavelength of the emitted light and allows the remaining
of the light emitted from the light source to penetrates the
photoluminescent sheet, whereas the photoluminescent sheet
comprises at least a surface comprising a wet preventing layer
for minimizing a contracting area between the photolumines-
cent sheet and another sheet.

Another aspect of the present invention provides a photo-
luminescent sheet, which has a phosphor, absorbs some light,
of at least one wavelength, of light emitted from a light
source, emits particular light of a wavelength different from
the wavelength of the emitted light and allows the remaining
of the light emitted from the light source to penetrates the
photoluminescent sheet, whereas the photoluminescent sheet
comprises at least a surface comprising a bend for minimizing
a contracting area between the photoluminescent sheet and
another sheet.

Another aspect of the present invention provides a photo-
luminescent sheet, comprising: 1) a main body containing a
phosphor and comprising two opposing surfaces wherein the
main body is configured to 1) absorb light, of at least one
wavelength, emitted from a light source, 2) emit light of a
wavelength different from the wavelength of the emitted light
and 3) allow the remaining of the light emitted from the light
source to penetrate the photoluminescent sheet and ii) a wet
preventing layer, formed on at least one of the two opposing
surfaces of the main body, configured to minimize a contact
area between the main body and another sheet.
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Still another aspect of the present invention provides a back
light unit, comprising: i) a light source configured to emit
light and i1) a photoluminescent sheet including a main body
and a layer, wherein the main body contains a plurality of
phosphor particles and comprising two opposing surfaces,
wherein the main body is configured to 1) absorb light, of at
least one wavelength, emitted from the light source, 2) emit
light of a wavelength different from the wavelength of the
emitted light and 3) allow the remaining light to pass through
the photoluminescent sheet, wherein the layer is formed on at
least one of the two opposing surfaces of the main body, and
comprises an uneven surface which contacts neither of the
two opposing surfaces of the main body, and wherein the
main body has a first thickness and the layer has a second
thickness which is substantially less than the first thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described
with regard to accompanying drawings.

FIG. 1 illustrates a typical back light unit (BLU).

FIG. 2 is a sectional diagram illustrating a section of a
typical diffusion sheet for wet preventing.

FIG. 3 is a sectional diagram illustrating a section of a first
kind of a photoluminescent sheet according to one embodi-
ment of the present invention. FIG. 4 is a sectional diagram
illustrating a section of a second kind of a photoluminescent
sheet according to one embodiment of the present invention.

FIG. 5 is a sectional diagram illustrating a section of a third
kind of a photoluminescent sheet according to one embodi-
ment of the present invention.

FIG. 6 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a first embodiment of the present invention.

FIG. 7 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a second embodiment of the present inven-
tion.

FIG. 8 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a third embodiment of the present invention.

FIG. 9 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a fourth embodiment of the present inven-
tion.

FIG. 10 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a fifth embodiment of the present invention.

FIG. 11 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a sixth embodiment of the present invention.

FIG. 12 is a sectional diagram illustrating a section of a
photoluminescent sheet having a wet preventing function in
accordance with a seventh embodiment of the present inven-
tion.

DESCRIPTION OF CERTAIN INVENTIVE
EMBODIMENTS

A structure of a back light unit employed for a typical
liquid crystal apparatus will be described with reference to
FIG. 1. FIG. 1 illustrates a typical back light unit (BLU). As
shown in FIG. 1, the BLU used for a liquid crystal display
apparatus includes a light source 100, a reflection sheet 110,
a light guide sheet 120, a diffusion sheet 130, a prism sheet
140 and a passivation sheet 150.
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Light emitted from the light source 100 is transmitted
through the light guide sheet 120. The light source 100 can
include a reflection plate (not shown) which reflects the light
emitted from the light source 100 to the light guide sheet 120
for the improvement of efficiency. The reflection sheet 110
reflects to the light guide sheet 120 again the light, not sent to
the light guide sheet 120, among the light that has been
emitted from the light source 100 and transmitted to the back
of the light guide sheet 120.

The light guide sheet 120 allows light to advance in a
particular direction. The diffusion sheet 130 prevents the
light, sent from the light guide sheet 120, from being partially
gathered by diffusing the light. The prism sheet 140, which is
formed by way of a prism having a triangular-column like
shape in a regular arrangement on an upper part, gathers the
light diffused from the diffusion sheet 130 in a direction
vertical to the planar surface of a liquid crystal panel. The
prism sheet 140 is generally provided as horizontal and ver-
tical prism sheets 140 to gather the light, which is passed
through the diffusion sheet 130 and has low luminescence due
to the horizontal and vertical diffusion to the planar surface of
the diffusion sheet 140.

The passivation sheet 150, which is provided in a most
upper part of the BLU, prevents damage of the below-posi-
tioned sheets. The photoluminescent sheet can replace the
diffusion sheet of the structure of the BLU to perform not only
the color conversion but also the diffusion of the transmitted
light, which was performed by the diffusion sheet. Accord-
ingly, the photoluminescent sheet is generally provided in the
position where the diffusion sheet was positioned in the struc-
ture of BLU. Since the photoluminescent sheet can carry out
the functions that the diffusion sheet has performed, a struc-
ture for wet preventing of the diffusion sheet will be described
with reference to FIG. 2.

FIG. 2 is a sectional diagram illustrating a section of the
diffusion sheet for the wet preventing. As illustrated in FIG. 2,
the sheet for the wet preventing includes a diffusion bead 200,
a diffusion bead adhesive layer 210, a base film 220, a wet
preventing bead 230 and a wet preventing bead adhesive layer
240.

What is described as “wet” in this description refers to a
phenomenon in which an area of an LCD (or other non self-
emissive display) screen appears deteriorated or stained when
a sheet is improperly contacted with another sheet or exposed
to moisture. The diffusion sheet 130 diffuses the light trans-
mitted from the light guide sheet 120 to prevent the light from
being partially gathered. The diffusion bead 200 is connected
to the base film 220 by the diffusion bead adhesive layer 210
in a surface facing the prism sheet 140.

The base film 220, which is a base of the diffusion sheet
130, is formed of polyethyleneterephthalate (PET). In a sur-
face contacting the light guide sheet 120, the wet preventing
bead 230 for preventing the wet caused by the contact with the
light guide sheet 120 is connected to the base film 120 by the
wet preventing bead adhesive layer.

This diffusion sheet performs only a function, for prevent-
ing the sent light from being partially gathered by diffusing
the light. Also, the BLU is difficult to reduce a manufacturing
cost or make a compact size. To solve this above problem,
there has been developed a photoluminescent sheet, not only
for performing the diffusion of transmitted light instead of the
diffusion sheet but also for allowing its matrix to have fluo-
rescent materials in order to change colors.

However, in spite of these above benefits, since the photo-
luminescent sheet cannot perform the different functions
together at the first time, the photoluminescent sheet is gen-
erally connected to other sheets such as the light guide sheet.
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Accordingly, there has been generated a phenomenon in
which an area of an LCD screen appears wet in case that a
sheet is improperly contacted with another sheet or exposed
to moisture.

Some embodiments of the present invention will be
described below with reference to the accompanying draw-
ings, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout for the convenience of whole understand-
ing.

Examples of photoluminescent sheets that can have a wet
preventing function in accordance with one embodiment of
the present invention will be described with reference to FI1G.
3 through FIG. 5.

A photoluminescent sheet (or film), which is included in a
back light unit (BLU) used for a liquid crystal display appa-
ratus, performs light diffusion as well as color conversion by
using a photoluminescent operation.

The photoluminescent sheet, which has a phosphor,
absorbs some light, of at least one wavelength, of light emit-
ted from the light source, emits particular light of a wave-
length different from the wavelength of the emitted light and
allows the remaining of the light emitted from the light source
to penetrates the photoluminescent sheet. The photolumines-
cent sheet further includes a light diffusing agent for light
diftusion.

This photoluminescent sheet is designed to solve problems
of'the difficulty in reducing a manufacturing cost or making a
compact size due to a typical BLU having many sheets.

Accordingly, the photoluminescent sheet can further
include the light diffusing agent not only to allow its matrix to
have a phosphor for color conversion but also to diffuse sent
light replacing a typical diffusion sheet.

The matrix can be formed of a silicon resin, and the phos-
phor is used for the color conversion.

The property of the silicon resin used for the matrix of the
photoluminescent sheet according to one embodiment of the
present invention can has the light permeability of 85 percent
or more and the viscosity of 3000 cps or more. The preferable
property of the silicone resin can further be hardened at the
temperature of 150°C. or less.

Also, the preferable property of the silicon can have the
stable mixture of the phosphor and the light diffusing agent,
the low volatilization, the long pot-life and the good adhesion
with the base film.

The silicone resin can be made of a resin having a basic
structure  ofHO(Me)2Si0(Me2SiO)n(Me)2SiOH  and
Me3SiO(MeHSiO)nSiMe3 and a small amount of additives
ofRSi(OR")n, R'=alkyl or acetyl(=>C=OR) and R2Sn
(OC=0R")2 or a resin a basic structure of CH2=CH(Me)2SiO
(Me2SiO)nSi(Me)2CH=CH2 and Me3SiO(MeHSiO)
nSiMe3 and a small amount of additives of [CH2=CH(Me)
2Si0Si(Me)2CH=CH2]nPt.

The phosphor performs a photoluminescent operation. The
phosphor can be an inorganic phosphor. The inorganic phos-
phor can include a phosphor where cerium is doped on a
garnet composition material, Y; AL O, , (YAG).

More specifically, a yellow phosphor can be one of YAG
and TAG composition (Tb3Al5012) and Silicate composi-
tion (Sr2Si04:Eu). The yellow phosphor can be represented
by (Y, x-yGdxCey),;Al;0, , (YAG:Gd, Ce),
(Y,-xCex);AL;0y5 (YAG:Ce), (Y,-xCex)3(A;,-yGay)sO,
(YAG:Ga, Ce), (Y,-x-yGdxCey);(Al5-zGaz);0, ,(YAG:Gd,
Ga, Ce) and (Gd,-xCex)SC,A,;0,, (GSAG).
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The luminescence of Ce;+ depending on the garnet com-
position can be made with various colors from green (~540
nm; YAG:Ga, Ce) to (~600 nm; YAG:Gd, Ce) without any loss
of light efficiency.

A red phosphor for emitting dark red color light can be one
of CaS:Eu, SrS:Eu and SrB407:Sm. A representative inor-
ganic phosphor can be SrB,0,:Sm,+. The Sm,+ is mainly
used for a red wavelength.

The dark red inorganic phosphor absorbs whole visible
light wavelength range of 600 nm or less and emits the dark
red color light of 650 nm or over.

A representative inorganic green phosphor for emitting
green color light can be SrGa,S4:Eu,+. The green inorganic
phosphor absorbs light of 500 nm or less and emits light of'a
main wavelength of 535 nm.

A representative inorganic phosphor for emitting blue
color light can be BaMg, A, ;O,,:Eu,+. The blue inorganic
phosphor absorbs light of 430 nm or less and emits light of'a
main wavelength of 450 nm.

The phosphor can have a size of 5 to 30 um. Too small size
of'the phosphor causes low photoluminescent efficiency, and
too large size causes low light permeability and low unifor-
mity of thin film.

The light diffusing agent uniformly scatters light to diffuse
the light.

The light diffusing agent can be a polymer compound or an
inorganic compound.

The polymer compound can be a transparent organic poly-
mer compound such as an acryl resin, a styrene resin and a
silicone resin or a transparent inorganic compound such as
synthetic silica, glass bead and diamond.

Also, the inorganic compound can be silicon dioxide
(Si0,), titanium (IV) oxide (Ti0,), zinc oxide (ZnO), barium
sulfate (BASQ,), calcium sulfate (CaSO,), magnesium car-
bonate (MgCO,), aluminum hydroxide (Al(OH),) or clay.

The diffusion of light emitted from the light source is
adjusted depending on the size and concentration of the light
diffusing agent. The too small size causes low light diffusion
efficiency, and the too strong concentration causes low light
permeability.

Based on silicon dioxide (Si0,), the light diffusing agent
can have the size of 3 to 20 pm and the concentration of 1 to
15%.

The photoluminescent sheet can be a thin film formed by
applying the mixture of the phosphor and/or the light diffus-
ing agent to a resin, which is a material of a sheet for per-
forming another function.

The photoluminescent sheet can be formed on the resin that
is the material ofthe sheet for performing another function by
various methods such as a screen printing method, a gravure
printing method, a knife coating method, a reverse roll coat-
ing method, a roll coating method, a calendar coating method,
a curtain coating method, an extrusion coating method, a cast
coating method, an inverted rod coating method, an engraved-
roll coating method, a dip coating method and a slit coating
method.

When being directly coated in the light guide sheet,
coupled to a photoluminescent diffusion sheet, the photolu-
minescent diffusion sheet can formed by using the screen
printing method.

Examples of the photoluminescent sheet, having the above
structures and manufacturing methods according to one
embodiment of the present invention will be described with
reference to FIG. 3 through FIG. 5.

FIG. 3 is a sectional diagram illustrating a section of a first
kind of the photoluminescent sheet according to one embodi-
ment of the present invention, and FIG. 4 is a sectional dia-
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gram illustrating a section of a second kind of the photolumi-
nescent sheet according to one embodiment of the present
invention. FIG. 5 is a sectional diagram illustrating a section
of'a third kind of'the photoluminescent sheet according to one
embodiment of the present invention.

FIG. 3 is related to the first kind of the photoluminescent
sheet according to one embodiment of the present invention.
A matrix 300 has a yellow phosphor 310 only.

FIG. 4is related to the second kind of the photoluminescent
sheet according to one embodiment of the present invention
and illustrates the section of the matrix 300 of the photolu-
minescent sheet, the matrix 300 having the yellow phosphor
310 in FIG. 3 further having a light diffusing agent 400.

The photoluminescent sheet can perform a light diffusing
function that was performed by a typical diffusion sheet by
having the light diffusing agent 400.

FIG. 5 is related to the third kind of the photoluminescent
sheet according to one embodiment of the present invention
and illustrates the section of the matrix 300 of the photolu-
minescent sheet, the matrix 300 further having a red phosphor
500 and a green phosphor 510 as well as the yellow phosphor
310 and the light diffusing agent 400.

In one embodiment, a passivation film can selectively be
laminated to the photoluminescent sheet.

In one embodiment, to avoid an effect of the foreign ele-
ments, the passivation film can be laminated by using a sili-
cone resin having an adhesive force after its matrix is hard-
ened.

In addition, the photoluminescent sheet can be directly
formed in the light guide sheet of the BLU by the screen
printing method.

The photoluminescent sheets illustrated in FIG. 3 through
FIG. 5 are examples only. It shall be evident that the present
invention can be applied to other photoluminescent sheets,
which are not shown in FIG. 3 through FIG. 5.

Hereinafter, a photoluminescent sheet that has a function
for wet preventing according to one embodiment of the
present invention will be described with reference to a struc-
ture and efficiency of the photoluminescent sheet.

Although the photoluminescent sheet that has the function
for wet preventing can be embodied with the above-described
various kinds of the photoluminescent sheets, executable
embodiments will be described below with reference to the
photoluminescent sheet having the yellow phosphor, the red
phosphor, the green phosphor and a light diffusing agent,
which has been described in FIG. 5.

The method of applying the wet protecting function to the
photoluminescent sheet has a method of attaching a wet pre-
venting bead on a surface of the photoluminescent sheet and
another method of forming a bend on the surface of the
photoluminescent sheet to minimize a contacting area
between the sheets when the photoluminescent sheet is con-
nected to another sheet.

Certain embodiments of the photoluminescent sheets hav-
ing the function for wet preventing, based on the above meth-
ods will be described.

A wet preventing bead is connected to at least a surface of
the photoluminescent sheet by a wet preventing bead adhe-
sive layer. The wet preventing bead and the wet preventing
bead adhesive layer forms a wet preventing layer.

Some executable embodiments based on the wet prevent-
ing by attaching the wet preventing bead on at least a surface
of the photoluminescent sheet will be described below.

FIG. 6 is a sectional diagram illustrating the section of the
photoluminescent sheet having the wet preventing function in
accordance with a first embodiment of the present invention.
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As illustrated in FIG. 6, the photoluminescent sheet having
the wet preventing function in accordance with the first
embodiment of the present invention can include a wet pre-
venting bead 600 and a wet preventing bead adhesive layer
610, which are provided on both surfaces of the photolumi-
nescent sheet.

The wet preventing bead can have a sphere shape, which is
formed of a transparent inorganic material or a polymer resin.

The transparent inorganic material can be one of SiO, and
TiO,. The polymer resin can be one of polymethylmethacry-
late (PMMA), polystyrene (PS) and polycarbonate (PC).

The wet preventing bead can be formed of the same mate-
rial as the light diffusing agent 400 included in the photolu-
minescent sheet.

The wet preventing bead 600 can have sphere shapes of
various sizes. Generally, the size of 1 to 90 pm is commonly
used. The size can be 3 to 30 pm.

The wet preventing bead 600 can be connected to the wet
preventing bead adhesive layer 610, formed of a plastic resin,
to be attached on the photoluminescent sheet.

A thermoplastic resin or a thermosetting resin is possible.
Specifically, the plastic resin can be a polyester resin, an
acrylic resin, an epoxy resin and a silicone resin. The plastic
resin can be a polyester resin.

The wet preventing bead adhesive layer 610 can have vari-
ous depths or the depth of 1 to 5 um.

The structure of the wetpreventing bead 600 and the wet
preventing bead adhesive layer 610, in case that the wet
preventing bead 600 is applied to the photoluminescent sheet
to have the wet preventing function, can be commonly used.

Accordingly, in the case of including the wet preventing
bead 600, the description for the structure of the wet prevent-
ing bead 600 and the wet preventing bead adhesive layer 610
will be omitted in other embodiments.

FIG. 7 is a sectional diagram illustrating a section of the
photoluminescent sheet having the wet preventing function in
accordance with a second embodiment of the present inven-
tion.

As described above, a passivation film 700 can selectively
be laminated to the photoluminescent sheet. To avoid an
effect of the foreign elements, the passivation film 700 can be
laminated by using a silicone resin having adhesive force after
it matrix is hardened.

FIG. 7 illustrates the section of the photoluminescent sheet
having the wet preventing function in case that the passivation
film 700 is selectively laminated.

FIG. 7 shows an example that a surface of the photolumi-
nescent sheet and the passivation film 700, respectively, has
the wet preventing layer in case that the passivation film 700
is selectively laminated to at least a surface of the photolumi-
nescent sheet.

Although FIG. 7 shows that the surface of the photolumi-
nescent sheet and the surface of the passivation film 700 have
the wet preventing layers, it shall be evident that any one only
of'the surfaces of the photoluminescent sheet and the surface
of the passivation film 700 has the wet preventing layer.

This structure, including the passivation film 700 lami-
nated to the photoluminescent sheet, can protect the photolu-
minescent sheet.

The wet preventing layer can be located at a position,
which is determined depending on a direction of connecting
the photoluminescent sheet, having the passivation film 700
laminated thereto, and other sheets for performing different
functions.

For example, in case other sheets for different functions are
not connected to one surface, where the passivation film 700
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is laminated, the wet preventing layer can be connected to the
other surface only, where the passivation film 700 is not
laminated.

Conversely, in case other sheets for different functions are
further connected to the surface, where the passivation film
700 is laminated, the wet preventing layer can be connected to
the surface only where the passivation film 700 is laminated.

Since the structure and function of this wet preventing
layer having the wet preventing bead 600 and the wet pre-
venting bead adhesive layer 610 is the same as the structure
and function described in FIG. 6, the description for the wet
preventing layer will be omitted.

FIG. 8 is a sectional diagram illustrating the section of the
photoluminescent sheet having the wet preventing function in
accordance with a third embodiment of the present invention.

FIG. 8 illustrates the section of the wet preventing photo-
luminescent sheet in case the photoluminescent sheet accord-
ing to one embodiment of the present invention is directly
connected to the light guide sheet 120.

Since the photoluminescent sheet having the wet prevent-
ing function according to one embodiment of the present
invention can be realized by various doping methods as
described above, the photoluminescent sheet can be directly
connected to the light guide sheet 120.

In this case, as illustrated in FIG. 8, the photoluminescent
sheet according to one embodiment of the present invention
can be formed by doping one surface of the photoluminescent
sheet on the light guide sheet 120. Then, the wet preventing
layer can be formed on the other surface of the photolumi-
nescent sheet to perform the wet preventing function.

FIG. 9 is a sectional diagram illustrating a section of the
photoluminescent sheet having the wet preventing function in
accordance with a fourth embodiment of the present inven-
tion.

FIG. 9 illustrates the section of the photoluminescent sheet
having the wet preventing function in case the photolumines-
cent sheet according to one embodiment of the present inven-
tion is directly connected to the light guide sheet 130 and the
passivation film 700 is laminated to the photoluminescent
sheet.

As described above, since the passivation film 700 can be
laminated to the photoluminescent according to one embodi-
ment of the present invention, FIG. 9 shows that the wet
preventing layer is formed on a side part of the laminated
passivation film 700.

FIG. 10 is a sectional diagram illustrating a section of the
photoluminescent sheet having the wet preventing function in
accordance with a fifth embodiment of the present invention.

As illustrated in FIG. 10, a bend is formed on the section of
the wet preventing photoluminescent sheet in accordance
with the fifth embodiment of the present invention.

The bend of the photoluminescent sheet is formed in the
matrix of the photoluminescent sheet. One of the two oppos-
ing surfaces of the main body has a roughness surface, and the
roughness surface includes a sawtooth wave shape.

The contacting area between the sheets, when the photo-
luminescent sheet is connected to another sheet, minimized
thanks to the bend formed on the photoluminescent sheet can
remove a phenomenon in which an area of a screen appears
wet in case that the sheets are improperly contacted with each
other or exposed to moisture.

Also, as illustrated in FIG. 11, it is possible that there is
realized the photoluminescent sheet having the wet prevent-
ing function applied by each of the bend and the wet prevent-
ing layer formed on a surface of the photoluminescent sheet.
The bend substantially has a sawtooth wave shape on a sur-
face of the photolumininescent sheet.
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FIG. 11, which shows the above case, is a sectional dia-
gram illustrating a section of the photoluminescent sheet
having the wet preventing function in accordance with a sixth
embodiment of the present invention.

As illustrated in FIG. 11, for the section of the photolumi-
nescent sheet having the wet preventing function in accor-
dance with the sixth embodiment of the present invention, the
bend is formed on one surface of the photoluminescent sheet
and the wet preventing layer having the wet preventing bead
and the wet preventing adhesive layer is formed on the other
surface, thereby being capable of preventing the wet.

In this case, if both surfaces of the photoluminescent sheet
are connected to other sheets for performing different func-
tions, the both surfaces are capable of preventing the wet.

As illustrated in FIG. 12, in case that the photoluminescent
sheet is formed by directly doping the photoluminescent
sheet on the light guide sheet, it is also possible that a surface,
which is not contacted with the light guide sheet, is formed
with the bend to perform the wet preventing function.

FIG. 12 is a sectional diagram illustrating a section of the
photoluminescent sheet having the wet preventing function in
accordance with a seventh embodiment of the present inven-
tion.

As illustrated in FIG. 12, for the section of the photolumi-
nescent sheet having the wet preventing function in accor-
dance with the seventh embodiment of the present invention,
the bend is formed on one surface of the photoluminescent
sheet and the other surface is directly connected to the light
guide sheet, thereby being capable of preventing the wet.

The above photoluminescent sheets having the wet pre-
venting functions are only examples of describing the present
invention. Alternatively, the present invention can be applied
to all kinds of photoluminescent sheets, which includes the
phosphors and/or the light diffusing agents, formed with the
wet preventing layer and/or the bend for minimizing the con-
tacting area.

While the above description has pointed out novel features
of the invention as applied to various embodiments, the
skilled person will understand that various omissions, substi-
tutions, and changes in the form and details of the device or
process illustrated may be made without departing from the
scope of the invention. Therefore, the scope of the invention
is defined by the appended claims rather than by the foregoing
description. All variations coming within the meaning and
range of equivalency of the claims are embraced within their
scope.

What is claimed is:

1. A photoluminescent sheet, comprising:

a body containing a phosphor and a light diffusing agent
configured to diffuse incoming light and comprising two
opposing surfaces, wherein the body is configured to 1)
absorb light, of at least one wavelength, emitted from a
light source, 2) emit light of a wavelength different from
the wavelength of the emitted light and 3) allow the
remainder of the light emitted from the light source to
penetrate the photoluminescent sheet; and

a layer directly contacted with at least one of the two
opposing surfaces of the body,

wherein the layer comprises a bead and an adhesive layer
for attaching the bead to the body,

wherein the adhesive layer comprises a first portion and a
second portion,

wherein a radius of the bead is greater than a thickness of
the first portion of the adhesive layer,

wherein one of the two opposing surfaces of the body has
a roughness surface having a sawtooth wave shape for
providing a minimized contacting surface, and
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wherein the second portion of the adhesive layer surrounds
an entire surface of the bead.

2. The photoluminescent sheet of claim 1, wherein the bead

has a diameter between about 3 pm and about 30 pm.

3. The photoluminescent sheet of claim 1, wherein the bead
is formed of one of the following: polymethylmethacrylate
(PMMA), polystyrene (PS), polycarbonate (PC), silicon
dioxide (Si0,), titanium (IV) oxide (TiO,), a transparent
inorganic material, or a polymer resin, and the adhesive layer
is formed of one of a plastic resin, a polyester resin, an acrylic
resin, an epoxy resin or a silicone resin.

4. The photoluminescent sheet of claim 1, wherein the light
diffusing agent is formed of one of the following: a polymer
compound, an inorganic compound, an acrylic resin, a sty-
rene resin, a silicone resin, synthetic silica, glass bead, dia-
mond, silicon dioxide (SiO2), titanium (IV) oxide (TiO,),
zinc oxide (ZnO), barium sulfate (BASO,), calcium sulfate
(CaSQ,), magnesium carbonate (MgCO;) or aluminum
hydroxide (A1(OH);).

5. The photoluminescent sheet of claim 1, wherein the light
diffusing agent comprises a plurality of spherical particles,
and wherein each of the plurality of particles has a diameter
between about 3 pm and 20 um.

6. The photoluminescent sheet of claim 1, wherein the
phosphor comprises at least one of a yellow phosphor, a red
phosphor or a green phosphor.

7. The photoluminescent sheet of claim 1, wherein the
body comprises a silicone resin.

8. The photoluminescent sheet of claim 7, wherein the
silicone resin has the light permeability of about 85 percent or
more, a viscosity of about 3000 cps or more and a hardening
temperature of about 150° C. or less.

9. The photoluminescent sheet of claim 1, wherein the
photoluminescent sheet is connected to a light guide sheet.

10. A photoluminescent sheet, comprising:

a body containing a phosphor and a light diffusing agent
configured to diffuse incoming light and comprising two
opposing surfaces, wherein the body is configured to 1)
absorb light, of at least one wavelength, emitted from a
light source, 2) emit light of a wavelength different from
the wavelength of the emitted light and 3) allow the
remainder of the light emitted from the light source to
penetrate the photoluminescent sheet; and

wherein one of the two opposing surfaces of the body has
a first portion and the other of the two opposing surfaces
of the body has a second portion,

wherein each of the first portion and second portion has a
sawtooth wave shape for providing a minimized contact-
ing surface,

wherein apexes of the first portion are formed on a first
horizontal plane and apexes of the second portion are
formed on a second horizontal plane, and

wherein the first horizontal plane is parallel to the second
horizontal plane.

11. The photoluminescent sheet of claim 10, wherein the
light diffusing agent is formed of one of the following: a
polymer compound, an inorganic compound, an acrylic resin,
astyrene resin, a silicone resin, a synthetic silica, a glass bead,
a diamond, silicon dioxide (SiO2), titanium (IV) oxide
(Ti0,), zinc oxide (ZnO), barium sulfate (BASO,), calcium
sulfate (CaSO,), magnesium carbonate (MgCO;), or alumi-
num hydroxide (Al(OH);).

12. The photoluminescent sheet of claim 10, wherein the
light diffusing agent comprises a plurality of spherical par-
ticles, and wherein each of the plurality of particles has a
diameter between about 3 um and about 20 pm.
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13. The photoluminescent sheet of claim 10, wherein the
body comprises a silicone resin.

14. The photoluminescent sheet of claim 13, wherein the
silicone resin has a light permeability of about 85 percent or
more, a viscosity of about 3000 cps or more, and a hardening
temperature of about 150° C. or less.

15. The photoluminescent sheet of claim 10, wherein the
photoluminescent sheet is connected to a light guide sheet.

16. The photoluminescent sheet of claim 10, wherein the
phosphor is an inorganic phosphor and wherein the inorganic
phosphor is form by doping cerium on a garnet composition
material, Y;ALO,, (YAG).

17. The photoluminescent sheet of claim 10, wherein the
phosphor comprises at least one of a yellow phosphor, a red
phosphor, or a green phosphor.

18. The photoluminescent sheet of claim 17, wherein the
yellow phosphor is one of a YAG and TAG composition
(Tb;AL;O,,) or a silicate composition (Sr,S10,:Eu).

19. The photoluminescent sheet of claim 1, wherein the
bead is not in contact with the body.

#* #* #* #* #*
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